We describe variable stars found in the data collected during the OGLE-III Shallow Survey covering the I-band magnitude range from 9.7 mag to 14.5 mag. The main result is the extension of period-luminosity relations for Cepheids up to 134 days. We also detected 82 binary systems and 110 long-period variables not present in the main OGLE catalogs. Additionally 558 objects were selected as candidates for miscellaneous variables.
Introduction
In the previous paper we described reduction procedures applied to the data obtained in the course of the OGLE-III Shallow Survey in the A. A.
Large Magellanic Cloud. We have also published photometric maps and discussed the quality of photometric data.
Here we present results of variability search based on the same survey. So far most numerous and extensive catalogs of variable stars for that galaxy were published based on the OGLE-III data (e.g., Soszyński et al. 2008 Soszyński et al. , 2009a Soszyński et al. , 2009b . In order to improve even further their completeness we decided to include bright variable objects of luminosities up to the Shallow Survey saturation I-magnitude of 9.3. The main purpose was to supplement the OGLE-III catalogs with bright Cepheids to derive consistent luminosity-period relations for wider range of periods. The survey was also focused on red giant variables and luminous eclipsing stars. In the following sections we describe subsequent types of identified variable stars.
Observational Data
As it was described in the previous paper photometric data were collected using the 1.3-m Warsaw Telescope located at Las Campanas Observatory, operated by the Carnegie Institution for Science. The mosaic camera consisted of eight CCD chips covering approximately 35 ′ × 35 ′ field of view with the scale of 0.26 arcsec/pixel. Observations were evenly carried out through the I and V filters closely resembling standard filters, although the I-band filter had higher transmission for longer wavelengths, which was appropriately corrected during the reductions based on calibrated OGLE-IV photometry . We used exactly the same photometric system as in the OGLE-III main survey. Detailed information about whole instrumentation can be found in Udalski (2003) .
Images were collected during the nights of seeing worse than about 2 ′′ . It allowed to blur profiles of the brightest stars preventing them from saturation. Moreover, we were able to perform observations during the nights of poor weather which normally would be lost for the main OGLE survey. Details on reduction procedures were described in the previous paper .
Variability Search
Using FNPEAKS program created by Z. Kołaczkowski we calculated power spectrum of periods for 65 989 stars having over 10 observational points and with average I-band magnitude brighter than 14.5 mag. The frequency range from 0.002 to 2 cycles per day was tested with a step of 0.00001. For every star highest peaks were selected and all objects with signal-to-noise values higher than 3-4, depending on number of observational points, were visually examined. Due to limited number of measurements power spectra were prone to display periodicities around 1-day corresponding to observation sampling, so plenty of objects had to be rejected. The remaining stars were classified into the main variability types -Cepheid variables, RR Lyr variables, eclipsing binaries, long-period variables -and a group of miscellaneous variables.
Classical Cepheids
In the main OGLE-III catalog (Soszyński et al. 2008) 26 bright fundamentalmode Cepheids in the LMC were saturated at least in one filter while five objects were saturated in both filters. It prevented Soszyński et al. (2008) from including them in the complete period-luminosity analysis. Only 21 objects from that sample in the V-band relation were used and the relation shows significant scatter. The Shallow Survey allowed us to obtain good quality VI photometry for these Cepheids. Also two completely new Cepheid variables were found with BRIGHT-CEP-1 object apparently belonging to the NGC 1698 star cluster. They were omitted in the main catalog due to the location close to the saturated objects masked out on the OGLE-III reference image. Fig. 1 presents the color-magnitude diagram for Fig. 1 . Color-magnitude diagram for Cepheids. Red points correspond to stars for which new photometry was obtained and violet triangles correspond to newly found objects. Fundamental-mode pulsators from the OGLE-III catalog are marked with green points and secondary-mode pulsators (mostly first overtone) with black points. All measurements are from the Shallow Survey.
all Cepheids classified in the survey with emphasizing the objects for which photometric data were not available or were incomplete. We also show the VI-band light curves in Figs. 2-5. The light curve of OGLE-LMC-CEP-0619 variable appears to have additional structure. We subtracted dominant period in both bands but the results are inconclusive. The comparison with the ASAS † (Pojmański 2002) data suggests that its amplitude is modulated. Fig. 2 . VI-band light curves of Cepheids for which new photometry was obtained, sorted according to decreasing period (periods range 135 to 45 days). In the observed fields 11 of total 416 objects already present in the OGLE-III catalogs in the range of analyzed magnitudes were overlooked by the Shallow Survey search procedure mainly due to localization close to the detector edge or small amplitudes of variability combined with limited number of observational points. For each object Fourier series with eight harmonics was fitted to the folded VI light curves and mean magnitudes were derived by integration of light curves in intensity units. Fig. 6 presents Fourier coefficients R 21 , R 31 , φ 21 and φ 31 as a function of the period, where amplitude ratios R k1 = A k /A 1 and phase differences φ k1 = φ k − kφ 1 . Fig. 4 . VI-band light curves of Cepheids for which new photometry was obtained, sorted according to decreasing period (periods range 31 to 24 days). Table 1 contains basic parameters for each Cepheid. In the subsequent columns the following data are presented: (1) variable star identification label (new objects have prefix "BRIGHT"), (2,3) equatorial coordinates J2000.0, (4) subfield designation, (5) period, (6) I-band mean magnitude, (7) V-band mean magnitude, (8) For fundamental-mode pulsators with periods longer than 10 days log P−I and log P−W I relations were fitted using the least squares method with 3σ clipping: Fig. 7. Period-luminosity diagrams for classical Cepheids. Red points correspond to stars for which new photometry was obtained and violet triangles correspond to newly found objects. Cepheids from the main OGLE-III catalog are marked with black dots. Green line shows the fit for Cepheids with periods above 10 days and yellow line represents relation derived in Soszyński et al. (2008) . All measurements are from the Shallow Survey.
We used Wesenheit index (Madore 1982) defined as:
Relations presented in Soszyński et al. (2008) for Cepheids of periods below log P = 1.5 were as follows: The results are graphically presented in Fig. 7 . Red points correspond to the Cepheids for which new photometry was obtained and newly detected Cepheids are marked with violet triangles. The green line is the relation for Cepheids with periods longer than 10 days and the yellow one is the relation derived in Soszyński et al. (2008) paper. One can note that there are no statistically significant deviations in relations for longer period domain. Obviously, we have limited sample of longperiod Cepheids in the LMC and, moreover, we did not detect any variables of this type with periods ranging from about 55 days to 115 days.
It is worth noting that mean magnitude scatter for brighter Cepheids is smaller than in the diagrams based on the main OGLE-III photometry (Soszyński et al. 2008) . This effect, specifically visible for log P > 1.2, can be caused by nonlinear CCD response close to the saturation limit and/or by imperfections in DIA subtraction procedures for luminous stars. We also checked that significant color index shifts for some objects are caused by stronger blending in the Shallow Survey images in comparison to the regular OGLE-III data.
RR Lyr Variables
In the magnitude range of the Shallow Survey searched for variables, the main OGLE-III catalog (Soszyński et al. 2009a ) contains ten RR Lyr stars located in the observed fields. We identified one new RR Lyr variable at equatorial coordinates: RA = 5 h 03 m 01. s 3, DEC = −69 • 09 ′ 01 ′′ . Considering its brightness it must be a foreground Galactic object. Despite of the fact that the star is saturated in the OGLE-III database we were able to calculate its proper motion based on the extracted DOPHOT positions data derived in the main OGLE-III survey : µ δ = 8.17 ± 0.32 mas/yr µ α cos δ = 10.06 ± 0.32 mas/yr
We applied the method presented by Poleski et al. (2012) . The proper motion was appropriately corrected so the resultant proper motion of all LMC stars was equal 0 with an error of 0.25 mas/yr. No parallax effect was visible.
Also we added to our catalog two RR Lyr stars which were already knownboth are present in the ASAS catalog (Pojmański 2002) and one also has XX Dor designation. The basic data for new RR Lyr stars are presented in the OGLE Internet Archive in table of the same format as for Cepheids. The last extra column contains cross-identification designations. Fig. 8 shows I-and V-band light curves for those stars. 
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Eclipsing Variables
We updated eclipsing variables catalog with 82 new objects. The main OGLE-III catalog was focused on detached binaries (Graczyk et al. 2011 ) so it is not surprising that we found many contact (EW) or semi-detached systems (EB). We also discovered 32 ellipsoidal variables for which eclipses are observed or not. Six objects were already present in the ASAS catalog (Szczygieł et al. 2010) . Table 2 lists new eclipsing binaries. Subsequent columns contain the following data: (1) variable star identification label, (2,3) equatorial coordinates J2000.0, (4) subfield designation, (5) period, (6) I-band mean magnitude, (7) V-band mean magnitude, (8) (V-I) color index, (9,10) number of observations in the I-and Vband, (11,12) dispersion of magnitudes for the I-and V-band, (13) subtype, (14) 
Miras and Semiregular Variables
Amongst red giants eight new Miras and 102 semiregular variables (SRV) were found. They belong to the broad category of Long-Period Variables (LPV). The cross-identification with other catalogs shows that three classified Miras were already found while four other objects were recognized as variable stars. Compared to the main OGLE-III catalog (consisting of 12 795 objects in the full magnitudes range) this sample is very small so it cannot affect noticeably already conducted analysis (Soszyński et al. 2009b) , especially as stars of those types split into several groups with different luminosity-period relations. Where possible each star was cross-identified with 2MASS Survey infrared counterparts (Cutri et al. 2003 ).
In Fig. 10 color-magnitude diagram is presented with cyan points representing SRV stars and red points representing Miras. Part of the catalog with basic data for those objects is presented in Table 3 . The columns contain following data: (1) variable star identification label, (2,3) equatorial coordinates J2000.0, (4) sub- field designation, (5) dominant period, (6) I-band mean magnitude, (7) V-band mean magnitude, (8) (V-I) color index, (9,10) number of observations in the Iand V-band, (11,12) dispersion of magnitudes for the I-and V-band, (13) subtype, (14-17) 2MASS object cross-identification: separation distance and JKH infrared photometry, (18) designations in other catalogs/surveys (the same as for eclipsing variables). Fig. 11 shows I-band light curves for new Miras.
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T a b l e 3
First 25 lines of long-period variable stars catalog 
Miscellaneous Variables
The most numerous group of variable stars in our sample constitute stars for which we could not clearly determine periodicity. We found 558 such objects. Due to limited observational epochs it is possible we were not able to distinguish some, in fact, periodic variable stars. Long-period variables often require observations in long timescales to establish the nature of their brightness fluctuations. This condition is fulfilled by OGLE project data (now it is over 20 years of regular survey)
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but unfortunately Shallow Survey spanned for 4.5 years only and for some fields only 13 epochs were collected. However in this way we show which stars can be particularly interesting for further follow-up observations. In order to have a broader view of our sample we prepared color-magnitude diagram (Fig. 12) with color-coded "amplitudes" (differences between maximum and minimum magnitudes after removal of 3σ deviating points). One can notice that bigger-amplitude variables concentrate in two regions of the CMD. We also checked that variables do not separate on Wesenheit indices W I -W JK plane (Fig. 13) , what takes place in case of long-period variables. Basic parameters for those stars are presented in OGLE Internet Archive in the same manner as for long-period variables with the "period" column omitted. . Amplitudes are colorcoded: blue -amp ≤ 0.1 mag, magenta -0.1 mag < amp ≤ 0.5 mag, green -amp > 0.5 mag. Black line represents approximate separation border between oxygen-rich and carbon-rich stars based on data from Soszyński et al. (2009b) .
Discussion
The data from the Shallow Survey allowed us to extend period-luminosity relation for classical Cepheids in the Large Magellanic Cloud up to 134 days. In that range we did not observe any deviations from linearity. However, this conclusion is a little weakened due to the presence of only two Cepheids with periods above 53 days in our sample. Therefore we cannot confirm recent suggestion that for long-period Cepheids (P > 100 d) luminosity is period-independent (Bird et al. 2009 ) neither lack of such a flattening (Fiorentino et al. 2012) . We have also updated long-period variables and eclipsing binaries catalogs with new objects of luminosities up to 9.7 mag. The selected sample of miscellaneous stars of suspected irregular variability is worth performing follow-up observations. It is still an open question if red giants can pulsate in strictly irregular manner.
The fact that we have not found significant number of new regular variable stars proves that the OGLE-III catalogs are very complete. Variable stars were omitted mainly in specific situations -like a saturation of the star itself or its location near other saturated object.
Data Availability
The described supplementary catalogs of bright variable stars in the LMC and their photometry are available to the astronomical community from the OGLE In- 
